INTRODUCTION
EXCEPT for extensive studies on the inheritance of colour patterns in two species of grouse locust, Paratettix texanus and Apotettix eurycepha1us, by Nabours (1914 Nabours ( , 1929 and Nabours and Stebbins (1950) , there has been very little work on inheritance in the Orthoptera. These two species each possess a large number of bright coloured patterns and also a less conspicuous, wild-type colour pattern. In both species the conspicuous patterns are controlled by single genes, each completely dominant to the wild type. In A. eurcephalus there are i dominant colour pattern genes all of which are located within a map distance of about eight units on chromosome i. Twenty out of 23 dominant colour pattern genes in P. texanus have shown no recombination and therefore they may be allelic.
In the katydid, Ambyocoryp/za oblongfolia, there are pink and green forms, due to a single gene difference (Hancock, 1916; Nabours, 1928) . The work of Sarisome and La Cour (1935) suggested that there were at least 14 colour pattern loci in Chorthippus parallelus, two of which were linked. On the other hand, Creighton and Robertson (iii) found that in C/zorthippus longicornis inheritance of colour patterns was determined by four allelic genes.
There has been no detailed study of the population genetics of colour pattern polymorphism in the Orthoptera. It is unfortunate that this aspect of genetics has not been pursued, particularly in those species where the mode of inheritance is known. Fisher's (1930 Fisher's ( , 1939 analysis of Nabour's extensive breeding data indicated that in Apotettix eurcepha1us heterozygotes had a selective advantage of 7 per cent. over the dominant homozygotes and about 5 per cent. over the common recessive form. Also from data for natural populations of Paratettix texanus Fisher showed that the frequency of individuals heterozygous for two or more dominant genes was less than expected and he suggested that selective forces of the order of 40 per cent, were operating against these forms in the field.
Rubtzov (1935) reported relative frequencies of four different colour patterns in Chorthippus albomar,ginatus from habitats which varied from dry to humid. His data suggested that in moist habitats, individuals which are phenotypically green (i.e. forma viridis) have a 2N 561 selective advantage over those which are brown (i.e. forma rubiginosa) whereas in dry habitats this situation is reversed.
Populations of the Australian plague locust, Chortoicetes terminfera, are invariably polymorphic for colour patterns. Key (1954) reported 15 different colour patterns in species of Austroicetes and Chortoicetes of which seven occur in C. terminfera. Some of the patterns were similar to those described by Vorontzovsky (1928) , Rubtzov (i) and Uvarov (1943) for other species in the Acridid.
A study of colour pattern polymorphism in C. terminfera was started in 1957. This paper deals with laboratory studies including the inheritance of the colour patterns.
BIOLOGY OF CHORTOICETES TERMINIFERA
Females deposit eggs in a pod below the soil surface. Swan (1956) reported that eggs do not develop at soil temperatures below 15° C. and he suggested that under field conditions they usually remain dormant during the winter months and commence development after exposure to warm, moist conditions in late spring.
The species is distributed over most of the Australian continent.
It is a strong, migratory insect and, as such, it has two different distributional regions; one in which it may occasionally be found and the other in which it is always found provided a diligent search is made for it in the right habitats at the right time of the year. Eggs are laid in compact soil close to vegetation and usually hatch in late spring. The adult stage is reached after about five moults and in seven to eight weeks from hatching. In the most favourable areas for locusts, three generations may be completed in the one season, i.e. from late spring to late autumn.
C. terminfera shows phase variation of the type described by Uvarov (1928) for Locusta migratoria. However, colour changes so characteristic of phase differences in Locusta and also the desert locust, Schistocerca gregaria, do not occur.
INHERITANCE OF COLOUR PATTERNS

3(a) Culture methods
Laboratory studies which involved matings between single pairs were set up in small cylindrical cages containing about four inches of sand or loam in which the females oviposited. Kikuyu grass, Pennisetum clandestinum, was used as food throughout and this was supplemented by a dry mixture of bran, casein and yeast (4:4:1) during the nymphal stages. The locusts were reared at 32+2° C. Egg pods were removed from the soil and incubated at 35° C. on moist Wettex in Petri dishes. Males and females were separated during the fourth or fifth instar and new matings were set up after the final moult.
Under the rearing conditions described above, locusts completed their nymphal development in 25 to 28 days after hatching. The generation time under the most favourable conditions was 7 weeks compared with i x weeks under field conditions.
The study of inheritance of colour patterns was started during March 1957. The original parents were obtained from Waikerie, South Australia, and Perth, West Australia. Further collections from several localities in New South Wales, South Australia and West Australia were introduced into the breeding programme during subsequent years.
3(b) Description of colour patterns
The inheritance studies were concerned with four colour patterns which corresponded to Keys (1954) description of alboinedia, nigrovirgata, rubiginosa and trilineata. During the investigations it was found that, of the six hybrid combinations between these colour patterns, five were phenotypically different from either parent, i.e. nine phenotypically different colour patterns could easily be recognised. These patterns differ not only in colour but also in the distribution of the different colours over the lateral and dorsal surfaces of the insect. The most striking feature of each colour pattern, therefore, is the particular contrast between light and dark coloured areas as illustrated in plate I.
The light coloured areas may be white, cream-coloured, yellow or orange and the dark areas may be brown, grey or black, depending on the genotype of the individual. The colour patterns may be either slightly modified or in extreme cases completely masked by a green pigment. The production of this green pigment appears to be controlled by environment and the relative frequency of individuals showing it varies from population to population. Also, the proportion of green individuals among the different genotypes is variable, being the highest for FF and lowest for FTFr. In table 2 are given chi-square values testing for heterogeneity of colour pattern frequencies between the early nymphal stages and adults from 28 separate families. There was no heterogeneity indicating no differential mortality with respect to colour patterns occurred when the locusts were reared in the laboratory. Consequently family data involving either nymphs or adults may be used in testing agreement with our hypothesis for inheritance of colour patterns.
(ii) Genetical basis. True breeding stocks for four colour patterns were obtained. In offspring where segregation for colour pattern occurred, the ratios were approximately i :1, i ::i or i :1 :i:i. It is therefore suggested that colour patterns in C. terrnin[era are inherited values are expected to be significant at the 5 per cent, level and should not therefore be taken seriously. The data on the whole agree reasonably well with the multiple allelic hypothesis. The colour pattern polymorphism in C. terminfera is probably controlled by four allelic genes. A polymorphism involving similar colour patterns is found in other grasshopper species which are taxonomically related to Chortoicetes (Key, 1954) . It is therefore likely that the polymorphism is an old one and it may have existed in the ancestors of present-day species.
Animals such as grouse locusts (Nabours and Stebbins, 1950) , land snails (Cain and Sheppard, 1950) , fish (Gordon and Gordon, 1950) and beetles (Tan, 1949) all have in common a number of conspicuous colour patterns which are completely dominant to a prevalent, less conspicuous pattern. This latter pattern has been called a "universal recessive ". In many of these examples the mutant genes are at different but closely linked loci. However, in C. terminfera the polymorphism seems to be controlled by allelic genes and no one pattern may be regarded as being prevalent. The rubiginosa (FFfl pattern, although not universally recessive, is similar to the "universal recessive" pattern in the other polymorphisms by being the least conspicuous of the colour patterns. Albomedia (FaFa) is completely dominant to rubiginosa, whereas both nigrovirgata (FFfl) and trilineata (FtFo) are incompletely dominant to it. If, during the evolution of dominance, there was a relaxation of selection favouring modification of heterozygotes, then complete dominance may not result. This change in selection could result either from a marked decrease in the number of predators or if the heterozygotes possessed some physiological advantage over the dominant homozygotes. If the polymorphism were maintained entirely by the selective action of predators, and if predators became rare, then the mutant genes would decrease in frequency unless they increased viability in some other way.
SUMMARY
i. The Australian plague locust is polymorphic for at least nine colour patterns which appear to be determined by a single locus with four alleles, Fa, F, F' and Ft. The colour patterns of heterozygotes can be recognised but FaF? is indistinguishable from FaFa.
A satisfactory technique for rearing colonies of this insect in
the laboratory has been developed. There is no diapause and a generation is completed in seven weeks at 32° C. 3 . Differences in colour pattern may be observed in the first nymphal instar and they become more distinctive as the insect increases in size.
